Abstract. The decay rates of scalar and tensor mesons into two photons are calculated in the BetheSalpeter bound state formalism. The suppression of the non-relativistic estimates due to relativistic kinematics is found to be substantial. Production crosssections in colliding beam experiments are estimated to be in the picobarn range. Also in the relativistic case the helicity 0 production cross-section of tensor mesons is found to be negligible.
Introduction
Potential model studies of heavy quarkonium systems have been quite successful in giving the positions of the energy levels. However, very different potentials are able to reproduce the level spacings. For instance, potential models have been constructed which show neither the 1/r behaviour expected from QCD, nor the linear confining term indicated from lattice gauge theory studies, yet successfully predict the levels [1] .
To further specify the parameters, one also needs some restriction on the behaviour of the wave functions and not just the level structure. For the vector meson (C=-I) case this has traditionally been done using the non-relativistic formula which connects the wave ffmction at the origin to the leptonic decay width. It is known, however, that this formula is subject to large relativistic and (to some extent) gluonic corrections [2] [3] [4] . The main effect of these Supported by the Swedish Natural Research Council (NFR) contract no. F-UR3281-101 corrections is to decrease the absolute widths, whereas ratios of widths of different levels remain largely unaffected.
The aim of this paper is to investigate corresponding relativistic effects for the (C = + 1) P states. For these states, the one-photon decay is C parity forbidden, and the simplest electromagnetic decay is into two photons. For the axial vector (1 ++) state this is also forbidden by Yang's theorem [5] and therefore we will only consider the 0 ++ and 2 ++ states here. (The 1 + + case is worth a separate study, especially concerning the non-vanishing 27 amplitude with one or both photons virtual, and the singularity of the e + e-~ decay rate in the nonrelativistic limit [6] . The problem of 0 ++ and 2 + + couplings to virtual photons is also under study [7] .)
Guided by previous studies, e.g. of the pseudoscalar meson decays P-'77 and P-~(+#-7 [8-9], we will account for relativistic kinematics by using a Bethe-Salpeter formalism for the bound state. In addition to the decay rates, we will consider the production of 0 ++ and 2 ++ states in 77 collisions in the equivalent photon approximation. Finally, we discuss to what extent our results can be applied to the recently measured decays f~ 2 7 and A 2 -'~ 2 ~/.
Calculations
In the Bethe-Salpeter formalism, the spin J bound state amplitude )~s(P,p) satisfies the following equation in the centre-of-mass system: zj(Mj, p) = S~l)(p 1) S;!2)(p 9 9 fcPP'K ' M ' j(2~)4 (P-P)Zj(.r,P).
(1) The helicity amplitudes for the coupling of the bound state to two photons are
where, to lowest order in QED and QCD, i rx,z~(p ) = _ i~(*(22)/_r -m e "(-i/* (21))
The factor 1/3 accounts for SU(3) colour; 21,22 and kl, k 2 are helicities and momenta of the two photons; eQ and m e are the electric charge and effective mass of the quark, To make contact with the SchrSdinger equation description of the bound states, we now use an instantaneous kernel K~(/3-/Y) and approximate (1) and ~J @~(p-) is the instantaneous wave function in /5 space. This wave function satisfies the quasi-potential equation [11] [12] -2 e) (P)
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The above equation reduces to the SchrSdinger equation in the non-relativistic limit. Inserting (4) into (2) and performing the pO integration, we obtain the helicity amplitudes ~e s = 4re c~ ]/Se~ I d3p
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where r is the n th radial P wave function in p space. Our final expression is then ~s =4~ c~1/3 e~ 
Identifying (10) with (9) for J=0, we obtain 2 1 S dp p2 
E+p 2
When trying to extract a "non-relativistic" limit out of this expression, one encounters an ambiguity. Usually, one takes the "static" limit p~0 in the expression multiplying the wave function in the in-
